Background: Benefits of tracheostomy have been well established. Most of the literature, refers these benefits to general intensive care population, excluding cardiac surgery or including only small number of these patients. On the other hand, there is no clear definition describing the proper time to perform the procedure and defining what are potential benefits of early compared to late tracheostomy. This retrospective cohort aims to assess the potential benefits of early tracheostomy on post-operative outcomes, length of stay and post-tracheostomy complications within cardiac surgical population. Methods: After obtaining REB approval, we conducted a retrospective chart review in a single, tertiary care institution, identifying patients who underwent tracheostomy after cardiac surgery from 1999 to 2006. Time-to-tracheostomy was defined as "early" if < 7 days or "late" if ≥ 7 days post-cardiac surgery). Results: 14,101 patients underwent cardiac surgery over the 7-year study period; from those, 147 (1.36%) received tracheostomy. 32 (22%) patients underwent early tracheostomy and 115 (78%) late tracheostomy. Incidence of atrial fibrillation (31.2% vs 61.7%; P = 0.003), kidney dysfunction (6.3% vs 27.2%; P = 0.015) and kidney failure 18.8% vs 43.5%; P = 0.013) were lower in the early tracheostomy group. There were no differences on post tracheostomy infection or presence of acute respiratory distress syndrome. Both the ICU and hospital length of stay were significantly shorter in early tracheostomy group, 21.5 (ET) vs 36.9 (LT) days and 37.5 (ET) vs 57.6 (LT) days respectively. There were no differences in mortality between groups. Conclusions: There are significant benefits in reduction of postoperative morbidities with overall shorter ICU and hospital stay. These benefits may promote faster patient rehabilitation with reduced healthcare costs.
Most of patients treated within intensive care units (ICU) require temporary airway control to enable mechanical ventilation (MV); once clinical condition is stabilized, the endotracheal tube is removed. For those who require prolonged MV, endotracheal tube is frequently replaced by a tracheostomy tube aiming to facilitate the liberation from MV and to improve patient's comfort; therefore, tracheostomy is one the most commonly performed procedures in ICU.
About 10% of patients who require MV for longer than 10 days are tracheostomized, however there is significant variability among institutions and attending ICU physicians [1] . Potential advantages of tracheostomy over orotracheal intubation include: greater patient comfort with secure airway that facilitates tracheal toilet and rapid reduction or discontinuation of sedatives which improves patient communication and decrease the incidence of the delirium, improves mobility and haemodynamic stability with possibly fewer ventilator associated complications. Complications related to tracheostomy include bleeding, hypoxia, oesophageal injury, tracheal stenosis, tracheal granulomas and death.
Numerous studies undertaken in mixed medical, surgical and trauma intensive care (medico-surgical ICU-MSICU) have shown that early tracheostomy (ET) can reduce patient length of stay, duration of ventilation and sedatives use, which has large cost implications [1−3] . There is no consensus regarding optimal timing to perform tracheostomy, thus there is no clear definition of ET. For example, the American 2001 consensus document advocates the use of early tracheostomy in patients who require prolonged ventilatory assistance but makes no recommendations regarding timing of the procedure [4] .
When compared to MSICU, cardiovascular surgical intensive care units (CVICU) face a much more rapid patient turnover whereas overall patient mortality remains lower. On the other hand, increasing age and complexity of cardiac surgical patients, frequently lead to prolonged MV. Depending on institution and definition of prolonged mechanical ventilation it can be applied in up to 20% of patients. Survival may not be the only outcome of interest in this group as prolonged mechanical ventilated patients often have a high burden of underlying co-morbidities, and prolonged critical illness leaves them vulnerable to recurring episodes of acute complications with a need for subsequent hospital readmissions [5] . Current trends in cardiac surgical practice have demonstrated that the number of coronary artery bypass graft cases have reached plateau and modern tertiary referral centres are operating upon elderly population with a greater burden of co-morbidities, "redo-do" cardiac cases, which will additionally impact on prolonged ICU stay.
There are conflicting data from isolated CVICU environment assessing whether this patient population would have benefits from ET. Additionally, performing ET in postcardiac surgical patients has been marred with concerns over greater risk of deep sternal wound infections given the close proximity of the surgical and tracheostomy sites [6, 7] .
This retrospective cohort aims to assess the potential benefits of ET on length of stay; post-operative outcomes and post-tracheostomy complications within cardiac surgical population in single, tertiary care institution.
Methods
After the Institutional Review Board approval, we conducted a retrospective chart review to identify patients who underwent tracheostomy after cardiac surgery from 1999 to 2006.
The decision to perform tracheostomy was made by the attending intensivist and cardiac surgeon. There was no formal protocol to proceed with tracheostomy and decision was based on clinical criteria including inability to wean of MV, due to multi-organ dysfunction or failure, neurological injury and severe hyperactive delirium. Tracheostomy was performed either at bedside as a percutaneous technique or as an open procedure within the operating room. Trending from open to percutaneous tracheostomy was also analysed over the time. Post-tracheostomy insertion, patients were weaned of MV with stepwise reduction of pressure support ventilation and trach-mask trials (spontaneous breathing trial). Patients were discharged from ICU after a mandatory period of 48 hours of unsupported ventilation, minimal secretions and adequate gas exchange.
Patients were classified into two groups according timing of tracheostomy; early tracheostomy (performed < 7 days post cardiac-surgery) and late tracheostomy (LT) (performed ≥ 7 days post-cardiac surgery). Both groups were compared with respect to patient demographics, surgical characteristics, outcomes and postoperative complications.
StatiStical analySiS
Statistical analysis was conducted with the use of IBM SPSS Statistics computer software (IBM Corporation). Demographic and clinical variables are described as mean ± SD for normally distributed continuous data, median [IQR] for skewed data and frequencies (%) for categorical variables. Rate of complications, chest tube drainage, and length of stay were compared using non-parametric Wilcoxon-Rank test for the continuous data and Fisher's exact test for categorical variables. P < 0.05 was considered statistically significant.
Results
Tracheostomy was performed in 147 (1.36%) of a total of 14,101 patients undergoing cardiac surgical procedures over the 7-year study period. Among them, 32 (22%) patients underwent ET and 115 (78%) LT. The median intubation time for early and late tracheostomy groups were 7 (5−7) and 13 (10−19) days respectively, P < 0.0001 ( Fig. 1) .
Demographic variables and surgical characteristics are presented in Table 1 . Postoperative morbidity and mortality are reflected in Table 2 . ET was associated with reduced rates of atrial fibrillation (31.2% vs 61.7%; P = 0.003), and lower incidence of kidney dysfunction (6.3% vs 27.2%; P = 0.015) and kidney failure 18.8% vs 43.5%; P = 0.013). There were no differences on post tracheostomy infection or presence of acute respiratory distress syndrome (ARDS). The incidence of sternal wound infection was similar in both groups. Both the ICU and hospital length of stay were significantly shorter in early tracheostomy group, 21.5 (ET) vs 36.9 (LT) days and 37.5 (ET) vs 57.6 (LT) days respectively (Fig. 2) . Overall mortality was similar between the two groups. A complete description of postoperative complications is presented in Table 2 .
The percutaneous approach was more commonly used within the ET group, i.e., 25 (78%) patients versus 67 (58%) patients in the LT group, P = 0.04. Figure 3 outlines the pattern of tracheostomy approach change over the 7-year period in favour of percutaneous tracheostomy.
discussion
The current study identified that ET performed in cardiac surgical patients was associated with reduced rates of postoperative atrial fibrillation, and lower incidence of renal dysfunction and renal failure. Furthermore, patients undergoing ET had reduced ICU and hospital length of stay, however ET did not result in mortality difference. Our findings indicated that timing of tracheostomy was not associated with increased rate of sternal wound infection. Additionally, our results confirmed the trends of changing practice with tracheostomies being increasingly performed at the bedside using a percutaneous approach.
The lower rates of atrial fibrillation and renal failure could be attributed to shorter cardiopulmonary bypass times and lower sedation requirements in the early tracheostomy group. At the same time, less sedation is associated with better hemodynamic performance with lower requirement for vasoactive drugs to reverse druginduced hypotension. Our findings corroborated with recent systematic review of adult ICU patients suggesting that early tracheostomy may reduce duration of ICU length of stay without any reduction in mortality [8] . On the contrary, Rumbak et al. showed a significant reduction in mortality (31.7% vs 61.7%) and lower incidence of pneumonia (5% vs 25%) in their randomized controlled trial of ET (48 hrs) vs LT (14−16 days) tracheostomy in medical ICU patients. The shortcoming of this study was that patients who received the tracheostomy between days 3 and 13 were not included in the analysis [9] . A larges cohort of 11.000 patients requiring tracheostomy over a period of 12 years was recently studied in province of Ontario. Authors found that each additional day of delaying tracheostomy was associated with increased long-term mortality [10] . Similar results were found by Shaw et al. in the largest retrospective cohort addressing this issue. This group compared ET (< 7 days) vs LT (> 10 days) excluding those patients whom tracheostomy was performed between days 7 and 10. Total 49,191 patients from 185 different medical centres were included in this analysis; 21,029 patients in the ET cohort and 28.162 in the LT cohort. There were significant differences in incidence of VAP (12% ET vs 15% There is a significant difference in favour of early tracheostomy (ET) in both ICULOS and HLOS, 21.5 (ET) vs 36.9 (LT) days and 37.5 (ET) vs 57.6 (LT) days respectively LT; P < 0.0001), ICU and hospital length of stay (16 days ET vs 27 days LT, P < 0.0001) and (25 days ET vs 38 days LT; P < 0.0001). Mortality was lower in ET group (14% ET vs 21% LT; P < 0.0001). ET was found to be independent predictor of mortality but not incidence of VAP [11] .
A recent meta-analysis published for Huang et al. evaluated 9 randomized clinical trials with 2,072 patients [12] . Compared to LT or prolonged MV, they did not find significantly difference of ET in terms of short-term mortality [relative risk (RR) = 0.91; 95% confidence intervals (cIs) = 0.81−1.03; P = 0.14] or long-term mortality VAP or duration of MV. This result differs from a recent Cochrane Collaboration review that involved seven randomized controlled trials including 1903 participants where the authors found lower mortality rates in the ET as compared with the LT group (risk ratio=0.83; 95% CI 0.70 to 0.98, P = 0.03) [13] .
Finally, Young et al. published recently the largest randomized study investigating early vs late tracheostomy (The TracMan study) [14] . In this multicentre trial, patients from over 70 ICUs were randomized to early (within 4 days) or LT (after 10 days) when predicted ventilation time was longer than a week. There was no difference in early and late mortality between groups. Additionally, only 45% of patients assigned to LT received it, the rest of patients improved and ultimately did not require MV. Authors concluded that ET did not improve important clinical outcomes, moreover indicated that ability of clinicians to predict prolonged MV was poor.
As oppose to general ICU population, there are only few publications investigating the impact of tracheostomy timing in cardiac surgical population. Yavas et al. published a single centre review of 205 patients and found that ET was associated with earlier mobilization, earlier enteral feeding, lower incidence of infections, and lower mortality. Furthermore, this study confirmed that percutaneous tracheostomy performed after the cardiac surgical procedure did not increase the incidence of sternal osteomyelitis and sternal wound dehiscence [15] . Trouillet and colleagues conducted a prospective cohort study of 163 patients who were still mechanically ventilated 3 days after cardiac surgery. They reported that 50 (31%) patients had been successfully weaned, 78 (48%) were still receiving MV, and 35 (21%) had died by day 10. Urine output 500 mL 24 h -1 or greater, Glasgow coma score of 15, arterial bicarbonate 20 mmol L -1 or greater, platelet count 100 g L -1 or greater, patients without inotropic support with epinephrine/norepinephrine, and absence of lung injury were predictive of successful weaning from MV by day 10. Based on their statistical modelling the authors concluded that only 3% to 17% of the patients would have received a needless intervention (tracheostomy) [16] Subsequently, the same group of authors conducted a prospective, randomized, single centre trail, which assigned cardiac surgical patients with predicted prolonged MV (more than 7 days) to early (4 days) or LT (15 days). Only 27% of patients allocated to late group received a tracheostomy. The results revealed no difference in duration of MV, hospital stay and 90-day mortality. VAP as well as incidence of other infections were also similar between the ET and LT group. However, patients within the ET group required less sedation and experienced greater comfort of ICU stay and earlier resumption of patient autonomy [17, 18] . These findings do not corroborate with those of Devarajan et al., who compared ET (< 10 days post-cardiac surgery) to LT (14−28 days post-cardiac surgery) and demonstrated significant benefits of ET. This study used propensity matching of 114 patients and showed ET was associated with lower mortality (21.1% vs 40.4%) and cardiac morbidity (14 vs 33%). [19] . A retrospective single centre study from Ben-Avi et al. contrasts with our results in terms of mortality. They compared ET (< 14 days post-cardiac surgery) in 90 patients to LT (> 14 post-cardiac surgery days) in 109 patients. The mortality rate at 3 months, 6 months, 1 year, and 2 years was 37%, 48%, 56%, and 58% in ET group and 58%, 70%, 74%, and 77% in LT group, respectively. They also report lower incidence of deep sternal wound infection (1.11% ET vs 8.26% LT), but no difference in ICU and hospital length of stay or days on MV [20] . Hosseinian et al. published a retrospective cohort evaluating the impact of timing of tracheostomy on outcomes of patients with respiratory failure after cardiac surgery [21] . Their study involved 1000 hospitals in 45 states across United States. A total of 2,063,227 patients underwent coronary artery bypass grafting (CABG), valve surgery or both. Patients who underwent closed cardiac valvotomy, percutaneous valvuloplasty, or any pulmonic procedure were excluded. A total of 434,519 patients met criteria and were included in analysis. From those, 400,750 (92.2%) did not present any respiratory failure, 26,046 (6%) presented respiratory failure but did not require tracheostomy. Finally, 7,723 patients (1.8%) were managed with tracheostomy. This study highlights several strong independent predictors of respiratory failure: female gender, increasing age (octogenarians), chronic obstructive airway disease, chronic renal insufficiency, and valve surgery. Tracheostomy was performed in 22.9% of patients with respiratory failure. 13.6% of tracheostomies were performed before the day 5 and 20.5% on 21 st postoperative day or later. Authors concluded that ET is associated with lower operative mortality than later tracheostomy; 20.5% days 0 to 5, 21.6% days 9 to 10, 25.3% days 11 to 15, 24.9% days 16 to 20, and 29.6% if > 20 days after cardiac surgery). This results are in contrary to our findings and also to the results presented in the TracMan study.
Our study has several important limitations. Its retrospective nature precludes us from drawing any causality between the early tracheostomy and lower postoperative morbidity. Furthermore, we did not perform a formal cost analysis but reductions in ICU and hospital LOS is always associated with considerable cost savings and resource optimization. Finally, the number of patients who underwent tracheostomy is quite low when compared to other studies.
In summary, our study has demonstrated that ET (< 7 days) can be safely performed with no increased risk of sternal wound infection or dehiscence post cardiac surgery. There are significant benefits in reduction of postoperative morbidities with overall shorter ICU and hospital stays. These benefits ultimately promote faster patient rehabilitation with reduced healthcare costs.
